Purpose Non-animal simulation models can allow trainees to practice the key steps and skills required for laparoscopic procedures outside the tightly controlled setting of specific simulation labs and courses. Here, we set out to describe and disseminate how one can build a laparoscopic ureteric reimplantation and pyeloplasty model at home for training, using simple materials and evaluate its value for training. Methods We have developed two plastic-and silicone-based models for simulating laparoscopic pyeloplasty, and used it for training at the BAPES Scholarship Advanced Minimal Access Surgery Urology Course. We received both quantitative and qualitative feedbacks from both trainers and trainees. Results When rating the course 1-5 (1 not useful, 5 useful), candidates gave median scores of 4 for the simulation usefulness, transferability of skills, and realism. With the reimplantation model, candidate scores for all three areas improved familiarity (mean 3.2-4.8, P < 001), confidence (1.9-3.3, P < 0.001), and competence (1.8-3.8, P < 0.001). With the laparoscopic pyeloplasty model; confidence (3.2-4.2, P < 0.001) and competence (3.4-4.1, P < 0.001) increased. Qualitative data from candidates and trainers were positive, specifically when rating the models' realism and its use for teaching the surgical steps. Conclusion Low-fidelity models have a key role for surgical training. Establishing key surgical steps and through being more easily accessible for trainees, they offer a valid and useful alternative to high-fidelity simulation.
Introduction
As early as 600 AD, simulation has been used for surgical training, with leaf creeper and clay models being recommended in early plastic surgery by Sushruta Samhita for nasal reconstruction [1] . Since then, simulation has spread far and wide amongst surgical practice.
The case for surgical simulation has been conclusively made, with multiple studies showing the value and role of simulation in surgical training [2, 3] . Within the sphere of paediatric surgery, this is, perhaps, even more relevant, with a low number of index cases available for trainees [4] , making the need for simulation as part of training imperative, to acquire and refine surgical skills and techniques.
Surgical simulation has, therefore, become widely adopted, be that on discrete surgical courses, in simulation laboratories at training hospitals, or at home.
Animal and high-fidelity models remain the gold standard for many teachers and trainees [5, 6] . Animal models offer several benefits. They offer tissue realism, more accurately representing invitro tissue tactility, thickness, pliability, and can be anatomically accurate. However, this comes at a cost. Centres are required to have storage facilities for animal tissue, staff to prepare and manage the specimens, and tissues have a relatively short shelf life. Similarly, high-fidelity technology-based simulation can have cumbersome hardware, are very expensive to purchase, and can require staff to set them up. These all bring barriers of access to the training models, limiting their use.
Low-fidelity and non-animal models offer different positives. They are very flexible, can be used anywhere, and model production can be scaled up, can be easily stored, transported, set up, and cost-effectively run. This makes their access easier and more universal.
Aims
There is a significant variety of tools and models available for surgical simulation; however, few are available that focus on low-fidelity paediatric urology procedures. We set out to develop two laparoscopic models for paediatric urology laparoscopy training, focusing on ureteric reimplantation and pyeloplasty. We aim to evaluate the use of these low fidelity models which have in learning the procedures.
Methods
In 2018, we developed two plastic-and silicone-based models for simulating paediatric laparoscopic procedures; with the emphasis on establishing the core surgical steps and skills required; and applying them to a non-animal model in a simulation laboratory. Our ureteric reimplantation model was based on the LAP-SPUR model [7] and our pyeloplasty model was entirely our own construction. We used these for teaching at the BAPES Scholarship Advanced Minimal Access Surgery Urology Course, a single day course, attended by ten senior paediatric surgery trainees and a faculty, made up of six senior paediatric urology consultants.
After each session, we received qualitative and quantitative feedback from trainers and trainees. Feedback forms were filled out by candidates which gathered information on the candidates' grade, endoscopic experience and experience observing, assisting, and performing the two procedures. Candidates were asked before and after the course to self-evaluate (scored 1-5): familiarity with the surgical steps, confidence, and competence. They were also asked to record how useful the simulation models were, how transferable the skills acquired were, and how realistic the model was for performing the basic steps of the procedure. The appropriate statistical tests were then applied to analyse the data, Wilcoxon signed rank. We also gathered descriptive feedback from the faculty on the course regarding the laparoscopic models and their application for teaching on the course. Laparoscopic reimplantation model: Kit list: 1) Take the foam sponge and cut into a block 9 × 9 × 1 cm, with a domed surface at one end 2) Base preparation (a) Prepare the sheet of cloth-cut it into A4 dimensions (30 × 21 cm) (b) Cut a 1 cm 2 diamond shaped hole 3 cm from the bottom of the sheet in the midline (c) Make two small horizontal cuts just above this (< 1 cm wide) (d) Apply glue to the cloth sheet, leaving a glue free edge at the base, and stick this to the A4 sheet of felt. Set up-place the model in a laparoscopy box trainer, creating an angle of 90° at the base of the bladder where the latex tubing enters under the foam. The rubber glove is inflated with the 50 ml syringe, protruding the foam bladder ( Fig. 1d, e ).
Candidates were given around one hour and asked to perform a Lich-Gregoir, extra-vesicle style ureteric reimplantation [8] using the box trainer and 3 mm instruments. They dissected the plastic off the covered latex tubing, representing the dissection of the peritoneal reflexion and mobilisation of the ureter, and they then cut down through the foam sponge over the inflated gloved finger, representing the cut through detrusor muscle, without bladder mucosa perforation, and then suture the latex tubing superiorly into the foam groove bladder (Fig. 1f ).
Laparoscopic pyeloplasty model
Our second model is assembled much more simply. The base is constructed by placing a thin foam base over a hard plastic board; we used small kitchen chopping boards. At the base of the board, a loop of 2-0 vircyl stitch is anchored and looped through an 8 mm plastic tube (cut to 4 cm long). At the top right edge, a plastic clamp is screwed to the base (we used a 3D printed plastic, but a simple office clip would suffice); this holds a short stump (2-3 cm long) of a rubber bicycle innertube ( Fig. 2a ).
Using the same box trainer and 3 mm instruments, candidates were given one hour to practice spatulating the rubber tubing, then suturing the 8 mm plastic tubing to the larger rubber tubing, and representing the difficult sutured anastomosis required for pyeloplasty ( Fig. 2b ).
Results
Feedback was attained from all ten candidates on the 2018 course. Four were qualified consultants, four were clinical fellows, and two were specialist trainees. All bar one candidate had performed over 50 laparoscopic procedures, and all had observed and assisted over 50. All candidates had received laparoscopic training on the job and had previously attended laparoscopic courses, and all bar one had bench trainer experience. Regarding ureteric reimplantation: candidates observed a median of one procedure (range 0-5) and assisted on a median of one (0-3), and seven candidates had never performed one. With regards to pyeloplasty, candidates had observed a median of 20 cases (2-50) and assisted a median of 20 cases (1-30), and had performed a median of 4.5 cases (0-55), with two candidates never having performed a case.
With regards to laparoscopic reimplantation, candidate scores improved in all three areas asked: familiarity with Fig. 1 a-f Ureteric reimplantation model making Fig. 2 a, b Pyeloplasty model surgical step (mean 3.2-4.8, P < 001), confidence (1.9-3.3, P < 0.001), and competence (1.8-3.8, P < 0.001). Looking at the laparoscopic pyeloplasty model, the familiarity with surgical steps did increase (4.2-4.8), but this did not reach statistical significance; however, confidence (3.2-4.2, P < 0.001) and competence (3.4-4.1, P < 0.001) did reach statistical significance (Table 1) .
Candidates were asked to rank the simulation in further aspects (scored 1-5): usefulness (mean 3.9); transferability of skills for performing the procedure in reality (mean 3.6) and the realism of the model (mean 3.5). When asked, 80% of candidates stated would like further access to similar nonanimal simulation models.
Descriptive feedback was sought from the faculty regarding the models. All six consultants were approached and qualitative feedback received from all of them. Reviews were largely positive and focused on the models ability to aid teaching the techniques and skills required for the procedures. In the pyeloplasty model, this focused on the skills regarding the alignment of pelvis to ureter and the suturing challenges associated and in the ureteric reimplantation, and praised the likeness in anatomy and practising needle angulation for burying the ureter. They also commented on the models construction that they were 'realistic' and that they were the first dry models to be seen utilised for these procedures. Constructive comments focused on making the plastic tubing for the pyeloplasty model thinner and more malleable and with the reimplantation model on altering the volume and positioning of the bladder balloon behind the foam.
Discussion
Both of our models represent low fidelity, non-animal simulation models. Candidates scores rose in all self-rated domains of familiarity, confidence, and competence, with the exception of familiarity with the pyeloplasty procedure, although this may well be as candidates were already so au fait with the procedure, the rise did not reach significance.
Additionally, qualitative feedback from the faculty also spoke about the models' validity as a training model.
An alternative for this course could have been to run animal-based dissection models. This is often described as a gold standard for simulation, as tissue handling and anatomical relations are heralded as being more realistic. Alternatively, complex high-fidelity computer simulation hardware and software is becoming increasingly prolific for surgical training. Both of these simulation options come with significant barriers. Animal models have to be stored carefully and used soon after acquiring, can require specialist set up and licenced premises for their use. Computer models can be cumbersome hardware and can be extremely expensive to purchase. Simulation centres justify these costs and inconveniences through the increased yield of the learning experience. The common assumption being-the higher the fidelity, the greater the learning experience. However, this may not be true [9] . Matsumoto et al. [10] found that despite student's keenness for it, increasing the fidelity of training models did not, in fact, increase candidate performance.
This can be more easily understood if one strips back the simulation setting to its core principles. At the core of this simulation was to expose candidates to the key steps of the surgical procedure, establish these, practice these, and receive feedback. Kolb et al. [11] described a four-step model of experiential learning as: abstract conceptualisation, experimentation, concrete experience, and reflection. Thus, the process of simulation for a surgical procedure encourages trainees to take one cycle of this learning model: they are introduced to the procedure and its steps, they think about how they could do it, they perform the simulated procedure, and they reflect upon it. Although increasing the fidelity might make the experience more fun for the candidate, it does not enhance these core principles.
By this argument, a simulation that takes the candidates through this learning cycle and can be easily and conveniently repeated represents a more accessible model that has a higher potential for candidates really undergoing transformative learning [12] and improve their practice.
Of course, high-fidelity models have benefits. They can bring in other broader benefits to the simulation experience outside of the surgical steps; however, these benefits come at a cost and limit the access for trainees.
Conclusion
We have presented two, low fidelity, non-animal models for paediatric urology surgical simulation. They can be made with simple materials, and can be made and used at home or anywhere that has access to a laparoscopic simulation box. Although the fidelity of the models may be compromised through their simplification, they still allow trainees to establish the common steps required of laparoscopic pyeloplasty and ureteric reimplantation, in an accessible and repeatable method, offering a valid and useful alternative to high-fidelity simulation.
